noted that segregated lymphocytes from two individuals suffered morphological changes when mixed, the significance, at first, was not appreciated. More recently, however, many workers have studied the phenomenon, in some cases specifically in relation to its possible importance in organ grafting (Bain, Vas, and Lowenstein, 1964; Gordon and Maclean, 1965; Kasakura, Shinpei, and Lowenstein, 1965).
SYNOPSIS The technique involved in studying the activation of lymphocytes in the resting form, and their recognition as dividing and functional cells was studied, using phase contrast and agar as well as fluid culture. Standardization of technical methods was found to be essential, and the effect of variables was studied. Lymphocytes from human umbilical cord vein blood were found to be spontaneously activated. Infestation by microfilaria either diminished or entirely inhibited activation. The significance of lymphocytic cohesion was considered and the formation of colonies of activated lymphocytes on agar is described. The effects of non-human vertebrate lymphocytes and of human cells other than lymphocytes were studied. Spontaneous activation of abnormal lymphocytes was noted.
Blood grouping has been of such importance in ensuring compatibility in transfusion that it is inevitable that a search for an analogous laboratory test applicable to organ transplantation should be made. It has long been recognized that when a graft is rejected sections show dense infiltration with lymphocytes. When Schrek and Donnelly (1961) noted that segregated lymphocytes from two individuals suffered morphological changes when mixed, the significance, at first, was not appreciated. More recently, however, many workers have studied the phenomenon, in some cases specifically in relation to its possible importance in organ grafting (Bain, Vas, and Lowenstein, 1964; Gordon and Maclean, 1965; Kasakura, Shinpei, and Lowenstein, 1965) .
These changes in the morphology of lymphocytes were studied initially on live cells, but later workers have used other methods. Staining of films is used, but obscures many significant features (e.g., motility, cytoplasmic granulation, etc.). Autoradiography using 'tracers' is an elegant technique, but unlikely to be applicable to clinical pathology owing to technical difficulties. Simple cell counts are employed, and may well prove the best test of reaction between individuals. However, marked morphological changes occur much earlier than cell division, which is often sparse. Up to the present only one method at a time is used by most workers and it is not proved that all are studying the same phenomenon.
In this communication a return is made to the Defibrinated blood, obtained by shaking samples with glass beads, gives good results. Even a small clot in the final product, however, removes many lymphocytes.
The actual segregation was carried out by methods described by Coulson and Chalmers (1964 Single source lymphocyte cultures were grown for six days and the medium removed with a pipette with an up-turned point. This fluid was centrifugalized and, surprisingly, showed an obvious deposit of cells.
The supernatant fluid was removed, and again spun, this time without yielding a deposit.
Lymphocytes from another individual were explanted in fresh medium to give a concentration of 4,000 cells per c.mm. Three ml. of these cells was centrifuged and the deposit re-suspended in the medium in which other lymphocytes had grown. Control suspensions were mixed with another individual's lymphocytes and always showed characteristic activation in six days. In contrast the test lymphocytes never showed any morphological changes.
In addition to single source lymphocyte culture media, medium in which cells from two individuals have been grown and shown activation, and medium in which cord blood lymphocytes had been grown were used. No morphological change was ever found.
In a previous communication using cultures separated by millipore filters, activation was stated to have been found (Pulvertaft and Pulvertaft, 1966 MALIGNANT LYMPHOMAS It has been pointed out that the activated lymphocyte has certain points of similarity to the cells of Burkitt's lymphoma (Pulvertaft, 1964) . The formation of cellular aggregates in particular is a significant common feature.
However, the process of activation is one of continuous development; it begins with the appearance of a nucleolus; it continues with the development of granules and gross enlargement; it concludes with mitosis and the development of the property of staining with pyronin.
R. J. V. Pulvertaft and Isobel Pulvertaft
We have made a study of the cells of malignant lymphomas in London, Nigeria, and Uganda for many years, using the same methods of examination, i.e., agar culture and phase examination of living cells. It is possible to find, in the series of changes occurring in the activated lymphocyte, resemblances with all the cells of malignant lymphomata, however named, in each new annual reclassification.
A cytologist presented with a fully activated culture of normal lymphocytes would find it difficult to distinguish it from a culture, for example, of a 'reticulosarcoma'.
It may be that lymphocytes can be 'activated' either by an immune process, or a carcinogenic stimulus, and that morphologically there is difficulty in distinguishing them. One marked distinction is that the malignant lymphocyte can be cultivated continuously in vitro; we, at least, have failed to do so with the non-malignant cell.
'Activated' cells have, in general, a family resemblance, differing chiefly in size from each other. But sometimes quite different cells are seen with a much darker cytoplasm and nucleus. Indeed, on one occasion a typical small lymphocyte, from cord blood, was seen in mitosis. It appears therefore that activated lymphocytes can develop along more than one channel and that the most usual type of development studied here is dependent on the environmental conditions occasioned by the cultural techniques.
Nucleated red cells are present in small numbers in cord blood, but do not multiply; myelocytes are present in small numbers; mitosis has been seen. ABNORMAL LYMPHOCYTES Since this communication deals with the behaviour in vitro of normal lymphocytes, consideration of the culture of cells from disorders of the haemopoietic system is not in general relevant.
There are, however, a few considerations which should be kept in mind. Segregated leukaemia cells, both of the myeloid and lymphoid series, survive readily in fluid culture medium for several weeks, and a number of cell lines, both of human and animal leukaemia, are maintained. We have studied many primary cultures, although to date none has been established by us as a cell line. Reference will be made only to leukaemia of the lymphoid series.
In Uganda 'lymphatic leukaemia' is regularly encountered, and in our experience the commonest cell type, both in children and in adults, is a small lymphocyte differing when first isolated little if at all from a healthy lymphocyte, when studied by phase contrast at 37°C. When grown in fluid culture, however, the lymphocytes of normal appearances die out, and are seen as ghosts. Bizarre forms, often in mitosis, appear within a few days, and these clearly resemble activated lymphocytes as above described. One case deserves notice in more detail. A young man of 23 complained of weakness and no physical signs were found. His blood showed a gross anaemia, with 3,000 leucocytes per c.mm., 90 % of which were normal small lymphocytes. His bone marrow showed 80% small lymphocytes, with 10% 'blast' cells. The blood lymphocytes were segregated, and cultured in fluid medium for six days by the standard technique. At the end of that time only very large 'clumps' of activated lymphocytes were present, and the original small lymphocytes were no longer to be seen. The diagnosis in this case was 'aleukaemic leukaemia'.
Although a single case can be no moie than suggestive, the study of segregated lymphocytes in such conditions by culture may prove valuable. There are some disorders as yet not classified, in which gross splenomegaly is a presenting symptom; the culture of blood lymphocytes in these cases of tropical 'big spleen disease' should be considered. We have seen two cases with this diagnosis which terminated as malignant reticulosis, diagnosed histologically as 'stem cell sarcoma'.
DISCUSSION
In this paper the word 'activation' is used to denote the changes found in lymphocytes instead of the conventional word 'transformation' which is used in many senses. It appears first in pathology in the first paper in the first number of the Journal ofPathology and Bacteriology where Virchow used it in relation to changes seen in malignant cells. Until proof to the contrary is obtained, the most likely suggestion is that during parturition and separation of the placenta maternal blood escapes into the foetal circulation. This is in fact known to occur. Desai and Creger (1963) collected maternal blood, and labelled the leucocytes with atebrine; just before parturition they were re-injected into the mother, and when born, the infant's blood was examined for fluorescence. Some labelled cells were found but in such small numbers that it was thought that they could not have any effect on the infant.
However, since in our experiments very few lymphocytes indeed evoked a profound reaction, this opinion must be reconsidered. It could have no effect greater than the transfusion of maternal blood, which is often performed with advantage. It could not cause 'runting' if the lymphocytic transfer is during parturition, since only the young foetus is affected in this way. Certainly the most likely time for transfer is when the placenta is separated. It is possible that accidental and abnormal separation and transfer may occur earlier in pregnancy, and that this might occasion foetal abnormality, but this is pure conjecture.
Our observations do support the belief that the volume of maternal blood transferred is small, since even when the mother's blood is heavily infested with microfilaria, there are none in the cord blood.
Attention has been directed to the observation that more than one morphological entity may proliferate in cultures of activated and segregated lymphocytes. In one case four types were found: (1) the granular predominant type, 30 ,u in diameter; (2) a much darker non-granular cell, 30 ,t in diameter (Fig. 9) ; (3) a small cell, 6,u in diameter, indistinguishable from a small lymphocyte (Fig. 10) ; (4) 
